This paper presents a model of the drivers of e-Government maturity. We differentiate "maturity" from "readiness" on the basis that the former refers to demonstrated behavior, while the latter provides an idea of a country's potential to achieve e-Government, and argue that maturity is a more accurate measure of a country's progress. We explain the prevalence of affluent countries in many e-Government rankings using a model where the relationship between GDP and e-Government maturity is mediated by ICT infrastructure, human capital, and governance. Using data from authoritative sources, we find that most of the influence of GDP on e-Government maturity occurs through ICT infrastructure. We suggest plausible explanations for the findings and how future evolution of e-Government might change the observed relationships.
Introduction
In recent years, governments have followed corporations in the use of the Internet to connect to their "clientele" -in this case, the citizenry. A mass of evidence, including anecdotes as well as systematic data, exists to illustrate the rise of e-Government, as this phenomenon has been named by observers. A glance through the different publications that rate or rank e-Government efforts (see the Accenture, UNDESA, and West rankings below in Table 1 ) shows a preponderance of affluent (high GDP per capita) nations in the upper echelons, though some stories exist of creative projects undertaken in less affluent countries, such as Mongolia's online consultation facility and the Kothmale Community Radio Internet Project in Sri Lanka (UNDESA, 2003a) . This association between GDP and e-Government has been noted by prior research (Kaufmann, Kraay, & Mastruzzi, 2004) .
In this study, we try to understand why e-Government maturity has come so far mainly to more affluent nations. At one level, it can be argued that e-Government demands discretionary investment that poorer nations simply cannot afford to make. While this is certainly a candidate explanation, it is also possible that the growth of e-Government also depends on other factors such as measures of human capital (especially literacy and education) and the quality of governance (freedom, fairness, and administrative effectiveness). If these factors matter, countries with similar levels of per capital GDP might develop e-Government to different degrees.
Background
As governments around the world have become aware of the potential inherent in Internet technologies to simplify, streamline and control the costs of their operations, many of them have introduced national e-Government plans detailing their proposed initiatives and the benefits that will accrue from these plans. Examples include Singapore's e-Government Action Plan II, Hong Kong's Digital 21 Strategy, Germany's Deutschland Online and Australia's "Better Services, Better Government" strategy. In the light of this upsurge in activity, various business consulting firms, inter-governmental organizations and academic researchers have examined and assessed the progress of national and state governments in this domain.
Many of these reviews have been qualitative in nature, consisting of detailed case studies of successful e-Government projects, written to guide others who undertake similar initiatives. Devadoss, Pan and Huang (2002) analyze the development of a government eprocurement application using a model based on structuration theory, and develop a classification of factors involved in e-Government initiatives. Ke and Wei (2004) trace the development of a single ministry's e-Government efforts to highlight how the critical success factors evolved as the ministry went through different stages of reform. Similarly, Golden, Hughes and Scott (2003) follow the Irish government's "evolutionary path" in eGovernment, and using the lens of business process transformation, list learning points for other governments.
Such descriptive studies, however, do not attempt to assess the comparative success of different governments in realizing the potential of e-Government. To that end, an alternative series of research projects, more quantitative in focus, has developed and used various criteria to measure the performance of governments. These range from technical indicators (such as the number of Internet connections in a country, or whether the use of digital signatures is established or not) to usage measures (such as how often residents transact with their governments over the Internet, or the number of hits at government websites). Some studies also assess how intensively Internet technology is used in a government's internal operations, by looking at aspects such as the percentage of government websites that offer at least one online service to citizens (West, 2000) , the ease of accomplishing a standard task online (by counting number of departments that need to be visited or the number of forms to be submitted), or the satisfaction of visitors to a government website (Steyaert, 2004) . • Public sector use of the Internet and other digital devices to deliver services and information (West, 2004 ).
• Governments providing information about services, as well as the ability to conduct government transactions, via the Internet (Accenture, 2004).
• The application of information and communications technology (ICT) to transform its (a government's) internal and external relationships, (while)... not alter(ing) its functions or its obligation to remain useful, legitimate, transparent and accountable (UNDESA, 2003a) .
• The use of ICT, and particularly the Internet, as a tool to achieve better government (OECD, 2003) .
Flowing out of these variations in emphasis are the divergent performance measures that have been crafted to assess "successful" e-Government. In this paper, we focus on the maturity of e-Government in a country, defined as the level to which a government has developed an online presence (Accenture, 2004) . This concept reflects demonstrated behavior; as opposed to others which assess the potential of a country to carry achieve eGovernment. A well-known example of the latter is the UN's e-Government Readiness Index, which is made up of a web measure index, a telecommunication infrastructure index, and the human capital index (UNDESA, 2003) . Other measures of e-Government potential include the Economist Intelligence Unit's e-readiness ranking (EIU, 2004) of the e-business environment of countries, and the World Economic Forum's Networked Readiness Index (WEF, 2003) . These latter indices indicate the capacity of a country to engage in e-Government programs, but do not explicitly address its success in implementing them.
When we refer to "e-Government maturity", we imply a continuum of developmental stages, with some having progressed further than others. This includes
• the deployment of more advanced features on their websites (such as digital signatures, online payments mechanisms and access for the disabled), as well as
• enabling citizens to carry out a larger portion of their interactions with their governments online, be it to change their address when they move, register to vote, or apply for grants for new businesses.
Governments whose websites incorporate advanced functionality as well as provide more coverage for more services are considered to be leaders among their peers. We recognize that these initiatives enable not only better service to citizens, but often also demand efficiency and cross-functional integration in the internal operations of government agencies, without which many services cannot be delivered online.
The objective of this study is to identify the factors that enable countries to attain differing levels of e-Government maturity. Noting the preponderance of affluent countries (defined as having high GDP per capita) among the top ranks of e-Government, we seek to identify the causal pathways through which affluence (higher GDP per capita) might translate into e-Government maturity.
Research Model
The maturity of e-Government in a country can be expected to depend on the state of the ICT infrastructure, because such infrastructure limits the proportion of the citizenry that can be served by e-Government services. Countries with higher per capita GDP are in a better position to afford pervasive, high-quality physical ICT infrastructure. With enhanced levels of ICT access 1 , citizens are more likely to conduct their affairs online.
When this happens, governments find it easier to move more of their transactions to the Internet and away from face-to-face counters, facilitating the transfer of their resources away from traditional channels of interaction with their citizens. Over time, this change in the composition of interactions helps to realize the hoped-for savings, setting up a sort of virtuous cycle (positive feedback).
Furthermore, the quality of the infrastructure also constrains the nature of the applications that can be deployed for e-Government. The bandwidth available to household Internet users limits the use of rich media (sound and video clips) on e-Government websites.
Without reliable connections, transaction capability, if built at all, is unlikely to be used.
Achieving high quality in a country-wide ICT infrastructure is clearly investment-intensive, and this is likely to be one reason why more affluent countries have an advantage in eGovernment. In terms of our research model, we expect the ICT infrastructure of a country to mediate the relation between GDP and e-Government maturity.
The development of e-Government in a country is also likely to depend upon the level of human capital -the literacy and education level of the population. Literacy here refers to the percentage of adult citizens who can read and write with understanding, while education refers to the proportion of the school-going age population that is enrolled in primary, secondary or tertiary educational institutions. e-Government services, to the extent they use mainly text-based communication, assume a high level of literacy. Better educated citizens not only take up online e-Government services when they are offered, but exhort more government agencies to go online. Once again, the development of literacy and education in a country demands adequate investment (in, health, education, and social services) , so we postulate a causal relation between per capita GDP and human capital, and a similar relation between human capital and e-Government maturity.
Human capital, we argue, is thus another pathway (in addition to the ICT infrastructure described above) through which affluent countries achieve leadership in e-Government.
1 More than 80% of all internet users reside in industrialised countries and over 80% of all internet traffic is generated within and between the 20 largest cities in these countries (Nua Internet, 2004; Clickz.com, 2004) .
Our third and final candidate for mediating the relation between per capita GDP and eGovernment maturity is the quality of governance. e-Government can deliver services to citizens who might otherwise find it difficult or inconvenient to access them. Similarly, eGovernment also provides a way for the government to engage citizens (for consultation, feedback, or dialogue) who might have earlier shied away from participation due to concerns about public visibility. This potential of e-Government to include more citizens into the process of administration and policy-making is more likely to be realized in nations with stable governments that enact and enforce quality laws in the public interest.
Governments striving for greater transparency and accountability to their citizens are more likely to undertake e-Government initiatives.
e-Government presumes a strong, efficient state ex-ante (Ciborra and Navarra, 2004) : the presence of government instability, pervasive corruption, arbitrary rule, a voiceless citizenry, and an ineffective government mandate make it unlikely for e-Government to progress beyond basic information publishing (mainly propaganda). Such factors provide an unfavorable environment for active and useful participation by citizens in the running of a government, since fundamental ground-rules, such as whether government policies will be carried out as laid down, whether official sources of information are accurate and unbiased, and whether long-term plans should be taken seriously, are not firmly established. The possibility that e-Government could render administration and political decision making more transparent (Watson and Mundy, 2001) suggests that institutions favoring poor governance practices might actually resist the growth of e-Government.
Good governance (stability, accountability, freedom from corruption) is also often associated with affluent countries. With rising prosperity, citizens become aware that engaging in corrupt practices or disobeying the rule of law endangers their overall wellbeing. At the same time, governments understand that high-quality regulations and a stable, consultative political regime are the best options for maintaining affluence. To sum up, we hypothesize that higher GDP per capita is associated with greater maturity of e-Government, and that this association operates through three distinct pathways:
technological infrastructure, human capital and quality of governance. The development of each of these factors requires a high level of GDP (three hypotheses), while each factor, in turn, enhances e-Government maturity (three more hypotheses).
Measurement
Our measure of e-Government maturity is obtained from West (2003 Based on a comprehensive examination of the characteristics of government websites, West and his colleagues at Brown University scored countries out of a maximum of 100 points. Among the characteristics investigated by West and his associates are the presence of audio and video clips, security features, and online payments facilities; whether information was available in non-native or foreign languages; whether commercial advertising was allowed (a negative characteristic); whether users were charged fees (a negative characteristic); whether access by the disabled was catered for, and whether a privacy policy was prominently displayed; the number of different services available online, and whether the website could be personalized. Non-English websites were translated and evaluated using translators or the free foreign language translation software available online at http://babelfish.altavista.com.
In terms of independent variables, the quality of physical ICT infrastructure ("TECH") is a The data for the Human Capital Index ("HCI") was derived from the same UNPAN report as TECH and relies on the UN Development Report's "education index". This is a combination of the adult literacy rate (defined as the percentage of people above age 15 who can read and write with understanding a short statement on their everyday life) and the combined gross enrolment ratio of primary, secondary and tertiary schools in a country. The latter refers to the percentage of school-going population enrolled in any educational institution, and contributes one-third of the final HCI measure, with the remaining two-thirds coming from the literacy rate. The HCI Index ranges from zero to 1.
For the last independent variable, better governance ("GOVINDEX"), we used the governance indicators developed by Kaufmann, Kraay, and Mastruzzi (2003) . These indicators are aggregated from more than two hundred variables, collected from 25 separate data sources created by 18 different organizations, such as Freedom House, the Economist Intelligence Unit and the US State Department 3 . They broadly define governance as the traditions and institutions by which authority in a country is exercised, and, based on this, cluster the indicators into six components using an unobserved components model. The dimensions of governance they arrive at are: Voice and Accountability, Political Stability, Government effectiveness, Regulatory Quality, Rule of Law, and Control of Corruption. Across all countries, GOVINDEX is normally distributed with a mean of zero and a standard deviation of one. Virtually all scores fall between -2.5 and +2.5, with higher scores corresponding to better outcomes.
Data Analysis
The data was examined for outliers and for violations of assumptions of multivariate analysis. We standardized all variables to reduce the collinearity between predictor variables. This enabled us to keep the condition index and variance inflation factors of the variables in the model at 13 and 7 respectively. These values are below the recommended threshold values of 30 and 10 respectively (see Hair et al. 1995) . Finally, the Durbin-Watson test for first-order autocorrelation in the residuals confirms that there is no autocorrelation (Durbin-Watson=2.00).
We use a partial least squares (PLS) approach to analyze the structural model because PLS combines path analysis and regression to assess the fit of data to a theoretical model (Chin, 1998; Hulland, 1999) . The objective of a PLS analysis is to explain variance in the dependent constructs' covariance matrix (Hulland, 1999) . Compared to other path-analytic models, PLS places minimal demands on sample size and residual distributions (Barclay, Higgins and Thompson, 1995; Gefen, Straub and Boudreau, 2000) .
The predictive power of a structural model is evaluated by examining the variance explained in the dependent constructs. The explanatory power of the model is determined by examining the size, sign, and statistical significance of path coefficients between constructs in the model. The path coefficients in a PLS structural model are interpreted as standardized regression coefficients (β). The statistics for the path coefficients are generated using a jackknife procedure with sampling size of one (Barclay, et al., 1995) .
Results
The correlation matrix used to generate the results in presented in Table 2 . Assessment of the structural model is conducted in two steps: (1) predictive power of the model; (2) explanatory power through the analysis of hypothesized relationships. A measure of the predictive power is the explained variance (R² value) for the endogenous constructs. These values are interpreted in the same manner as the R² obtained from regression analysis (Barclay, et al., 1995) . Hence, GDP explained 33% of the variance in human capital index, 80.15% of the variance in ICT infrastructure and 65.28% of the variance in the governance index. In turn, the human capital index, ICT infrastructure and governance index explained 38.63% of the variance in e-government maturity.
Constructs
In assessing the explanatory power of the model, we examine the size, sign and statistical significance of the path coefficients between the constructs. A jack-knife procedure was performed to obtain values of the t-statistic and to assess the statistical significance of the path coefficients. In the following paragraphs, we report the significance of the path coefficients (see Figure 2) .
Significance levels for one-tail test: *** p<.001 In summary, we find partial support for our theorized model. Specifically, we find support for the mediating role of technological infrastructure, but no evidence of similar mediation by human capital and quality of governance. The implications of these results are discussed in the next section.
Conclusion
Statistical analysis suggests that the main pathway through which per capita GDP enhances e-Government maturity is ICT infrastructure (TECH). A story consistent with our data goes like this: affluent nations have better infrastructure, so they attain higher maturity in e-Government. Human capital and the quality of governance are both positively associated with per capita GDP (as expected), but fail to have significant impact on e-Government maturity.
One possible explanation behind the observed pattern of results (the significance of technological infrastructure, and the insignificant effect of human capital and governance)
is that e-Government is currently constrained by the newness of information technology.
Leading-edge technology costs money, and confers benefits to those who can afford it. As the technologies used to implement e-Government become more commonplace and affordable, the primary mediating role of technological infrastructure may be weakened and the other mediators might come into play.
A possible explanation for the insignificance of human capital and governance is that eGovernment, in its current state, focuses mainly on electronic delivery of services, i.e. it views the citizen primarily as a consumer of services. e-Government of this sort does not make serious demands on the participation of its citizens, as long as they are willing to consume e-services. Human capital (particularly education) might enable citizens to participate in policy making, while governance makes sure their voices are heard and acted upon. As e-Government matures to include citizen participation as a key goal in addition to service delivery, human capital and governance might make their influence (on e-Government maturity) felt more strongly.
An implication of our finding is that the maturity of e-Government does not necessarily imply corresponding advances in the areas of human capital and governance. It is currently possible to attain maturity in e-Government (in the sense of functionality and scope) through technical sophistication alone, although we wonder whether this will remain true in the future as competition among nations intensifies, and the consultative/participative view of e-Government gains momentum.
